Introduction
============

Food safety has emerged as an important global issue with international trade and public health implications ([@b35-bjm-44-751]). *L. monocytogenes* associated with outbreaks have been reported from a wide variety of food types ([@b36-bjm-44-751]) while the bacterium has been isolated from meat, milk and milk products in all over the world ([@b30-bjm-44-751]; [@b19-bjm-44-751]; [@b11-bjm-44-751]; [@b18-bjm-44-751]). However, the published information on the status of *L. monocytogenes* from these foods is very scattered and unsystematic, both in the veterinary and public health sectors.

*Listeria monocytogenes* is a gram-positive rod-shaped bacterium and has emerged as an important foodborne pathogen known to be the causative agent of listeriosis. Listeriosis is associated with the highest case fatality rate of 30% approximately, unlike infection with other common foodborne pathogens, such as *Salmonella*, which rarely results in fatalities ([@b16-bjm-44-751]). Immunocompromised patients, neonates and pregnant women are more susceptible to listeriosis. However, the disease can also develop in seemingly healthy individuals ([@b28-bjm-44-751]). The role of haemolysin called listeriolysin (LLO) in pathogenicity has been well documented. The *hly*A gene based detection for *L. monocytogenes* has been frequently adopted by various investigators ([@b7-bjm-44-751]; [@b4-bjm-44-751]; [@b10-bjm-44-751]). The haemolytic factor from the virulent strain EGD has been purified and characterized as a 60 kDa thiol-activated exotoxin designated listeriolysin O, which is a polypeptide of 529 amino acids, sharing strong homologies with SLO and pneumolysin ([@b26-bjm-44-751]; [@b20-bjm-44-751]).

Thus, proficient and dependable techniques for the isolation and identification of *L. monocytogenes* in food samples are very important to facilitate clinical and epidemiological studies. These include cultural methods and rapid methods (based on the antibodies and nucleic acids) can be categorised broadly into immunological (for example, latex agglutination test, ELISA) and nucleic acid (polymerase chain reaction - PCR) based methods ([@b1-bjm-44-751]). 1). *L monocytogenes* can be also identified by mouse pathogenicity test, Anton's test and toxicity of chicken embryos, and these assays require whole animal availability ([@b14-bjm-44-751]).

Current microbiological methods of identification rely on growth in culture media, followed by isolation, biochemical and serological identification. Moreover, these methods are laborious and time consuming, requiring a minimum of five days to recognize pathogen ([@b23-bjm-44-751]) and about ten days to identify *L. monocytogenes* by confirmatory tests ([@b3-bjm-44-751]). On the otherside, immediate attention should be taken in case of contamination to ensure the safety of food products, especially in the case of those food matrices having short shelf-lives, such as meat or dairy products. In the past years, advancements in molecular methods have resulted in the development of rapid methods that reduce analysis time and offer great sensitivity and specificity in the detection of pathogens. Among these, PCR has been increasingly used for the rapid, sensitive and specific detection of foodborne pathogens ([@b2-bjm-44-751]). The PCR used in this study, for the detection of *L. monocytogenes,* has been previously described and this has been adopted by various investigators for detecting haemolysin gene among *L. monocytogenes* ([@b14-bjm-44-751]). It has also been found to be applicable in food sources, like meat and milk sources ([@b19-bjm-44-751]; [@b5-bjm-44-751]). The cell line methods (tissue culture method) have been used to identify pathogenic *L. monocytogenes* from non-pathogenic *L. monocytogenes* earlier. However, very few literatures are available on such activity, and those available are very scattered and from clinical sources ([@b12-bjm-44-751]; [@b22-bjm-44-751]; [@b34-bjm-44-751]).

Keeping things in mind, the published information on status of *L. monocytogenes* in meat and milk sources and methods available for the detection of pathogenic *L. monocytogenes*, we investigated the prevalence of *L. monocytogenes* in various samples of meat, milk and milk products from local butcheries, dairy farms and confectioneries in Bareilly, India, and examined *in vitro* LLO based pathogenicity of *L. monocytogenes* by conventional, molecular and tissue culture method.

Materials and Methods
=====================

Sample collection and transportation
------------------------------------

A total of 650 commercial food samples (400 from raw meat and 250 from raw milk and milk products) were randomly collected from butcheries (8), dairy farms (2) and dairy/confectionery shops (3) at various locations in the Bareilly city, Uttar Pradesh, India. The locations of sample collection are shown in [Table 1](#t1-bjm-44-751){ref-type="table"}. The sampling was done in winter (early December 2006), summer (end of May 2007) and fall (early October 2007) seasons. Sampling visits were made on every Monday for entire month. All the samples were transported in ice packs containers within an hour to the laboratory.

Isolation of *L. monocytogenes*
-------------------------------

*L. monocytogenes* from different food samples were isolated as per USFDA/BAM/CFSAN method, described by [@b17-bjm-44-751]. Briefly, 25 g of raw meat, cheese and curd, while 25 mL of milk sample, was taken and homogenized in 225 mL of Buffered *Listeria* Enrichment Broth (BLEB), incubated at 30 °C for 4 h, and added selective agent \[0.5% (w/v) acriflavin and nalidixic acid and 1.0% (w/v) cycloheximide, Hi-media, Mumbai, India\]. Selective enrichment for isolation was continued at 30 °C for 48 h. Next, a loopful of each sample was streaked on *Listeria* Oxford agar (Hi-media, Mumbai, India) and incubated at 37 °C for 20 h. Brown-green coloured colonies with a black halo with varying radii were examined for their size, colour, consistency, shape and microscopic examination after Gram staining. Those colonies showing typical characteristics of *Listeria* were selected and purified by repeated streaking, given an isolate number and maintained at 4 °C. The isolates were subjected to biochemical assays (utilization of rhamnose, mannitol, catalase, motility at 25 °C and 37 °C and NO~3~ reduction) as recommended in USFDA/BAM/CFSAN described by [@b17-bjm-44-751]. The standard methods described by [@b9-bjm-44-751] were adopted for their identification as *L. monocytogenes*.

CAMP assay
----------

The CAMP (Christie, Atkins, Munch-Peterson) assay was performed according to standard procedure as described by [@b17-bjm-44-751]. Briefly, streak out the *L. monocytogenes* isolates along with *Staphylococcus aureus* and *Rhodococcus equi* on 5% sheep blood agar plates (Merck, India) and observing zones of haemolysis after 24--48 h incubation at 35--37 °C.

Haemolysis on sheep blood agar
------------------------------

The characteristic beta (β) haemolysis was tested with the standard procedure as described by [@b17-bjm-44-751]. Briefly, *L. monocytogenes* isolates were streaked on 5% sheep blood agar plates (Merck, India) and observing complete clear zones of haemolysis after 24--48 h incubation at 35--37 °C.

Detection of *L. monocytogenes* isolates based on haemolysin (*hly*A) gene by PCR
---------------------------------------------------------------------------------

The DNA extraction method was adopted as described earlier by [@b33-bjm-44-751] from BHI overnight culture of typical bacterial colonies on *Listeria* Oxford agar. Briefly, 10 mL of overnight BHI broth culture of *L. monocytogenes* centrifuged at 6000 rpm for 15 min at 4 °C. The pellet washed twice with TRIS-EDTA (TE) buffer and finally suspended in 567 μL of TE buffer (10 mM Tris, 1 mM EDTA) by gentle vortexing. To the above suspension, 30 μL of 10% SDS and 3 μL of 20 μg/mL proteinase-K (100 μg/mL proteinase-K in 0.5% SDS) added and mixed thoroughly by inversion and incubated at 37 °C for 1 h in a water bath. To this, 100 μL of 5 M NaCl added and mixed thoroughly followed by addition of 80 μL of CTAB/NaCl (10% CTAB dissolved in 0.7 M NaCl), after proper mixing and incubation at 35 °C for 10 min in a water bath. An equal volume (0.7--0.8 μL) of phenol; chloroform; isoamyl alcohol (25:24:1) was added, mixed thoroughly and centrifuged at 13,000 rpm for 20 min. A thick white layer of protein and polysaccharide was formed at the interface of the two layers. The upper aqueous phase was transferred to a fresh microcentrifuge tube. Equal volume of phenol; chloroform; isoamyl alcohol was again added to the aqueous supernatant, re-extracted by thorough mixing and spun at 13,000 rpm for 10--15 min. The supernatant was transferred to a fresh microcentrifuge tube. The procedure was repeated once again. To the final supernatant, 0.6 volumes of isopropanol added at room temperature and centrifuged at 13,000 rpm for 5 min then rinsed with 400 μL of 70% ethanol. The DNA was harvested by spinning at 13,000 rpm for 5 min. The pellet was dried and resuspended in 50 μL sterile triple glass distilled water, added RNase (10 μg/mL) and incubated for 20 min at room temperature.

The primers (synthesized by Genuine Chemical Corporation, India) for the virulence associated gene *hly*A were used as described earlier ([@b14-bjm-44-751]). The amplification of *hly*A gene (234 bp) by PCR was performed as follows: 2.5 μL of 10X PCR buffer (20 mM Tris HCl, pH 8.0 at 25 °C, 100 mM KCl, 0.1 mM EDTA, 1 mM DTT, 50% glycerol, 0.5% tween 20 and 0.5% Nonidet-P40); 1.5 mM MgCl~2~; 2.5 mM of dNTPs mix; 1.0 μL of both forward and reverse primers (15 pmol); 1 U of *Taq* DNA polymerase enzyme; and 2 μL of DNA as template. Nuclease free water was added to obtain a final volume of 25 μL. PCR conditions included an initial denaturation step at 95 °C for 5 min, followed by 40 subsequent cycles consisting of heat denaturation at 95 °C for 30 s, annealing at 54 °C for 1 min, and extension at 72 °C for 1 min. A final extension was performed at 72 °C for 5 min. PCR products were separated in 1.5% agarose gel electrophoresis, stained by ethidium bromide (Sigma-Aldrich, USA), and visualized under UV light.

Detection of *L. monocytogenes* isolates based on vero cell cytotoxicity assay
------------------------------------------------------------------------------

The cell free culture supernatant (CFCS) was prepared as described by [@b12-bjm-44-751]. Briefly, each *L. monocytogenes* isolate was inoculated in 5 mL of Tryptic Soy Broth (TSB) (Himedia, Mumbai, India) and incubated at 35 °C for 24 h. About 2 mL of broth culture was re-inoculated into 20 mL of TSB and incubated at 35 °C for 16 h in a low speed shaking water bath. The bacterial cells pelleted by centrifugation (10,000 × g) at 4 °C for 30 min, and the resultant supernatant was filtered through 0.22 μm pore size membrane filter (Nalgene, India). The sterility of CFCS was checked by streaking on Tryptic Soy Agar (TSA) plates (Hi-media, Mumbai, India), incubated at 35 °C for 24 h. The sterile CFCS were then stored at −20 °C.

The vero cell lines were propagated with a standard method described by [@b24-bjm-44-751]. Glasgow minimum essential medium (G-MEM) (Gibco, Mumbai, India) of pH 7.4, containing sodium bicarbonate solution (2.7%), was supplemented with New Born Calf Serum (NBCS) (10% for growth and 20% for maintenance), used for propagation and maintenance of the cell lines. The trypsin-versene solution and Glasgow minimum essential medium (G-MEM) were sterilized by Seitz filtration, and incubated overnight at 37 °C, to check sterility. The cell lines were maintained by regular sub-culturing.

The toxin assay was performed in 6-well microtiter tissue culture plates (SPL life sciences, Korea) as the standard method described by [@b24-bjm-44-751]. Vero cell culture in each well was seeded and allowed to grow as confluent monolayers for 24--48 h. At the same time media was discarded, monolayers were washed twice with Hank's Balanced Salt Solution (HBSS) (Difco, Haryana, India). Volumes of 30 μL and 50 μL of CFCS were inoculated into each well in duplicate, and 400 μL of the medium supplemented with New Born Calf Serum (NBCS) was then added into each well. The microtiter plates were then incubated at 35 °C under 5% CO~2~ atmosphere and examined daily by inverted microscope (Olympus, Japan) up to 3 days, for changes in morphological characteristics of vero cell lines.

Results
=======

A total of 650 samples (400 from raw meat and 250 from raw milk and milk products) collected from various locations were examined by cultural and biochemical methods. The haemolysis assay on sheep blood agar plate was performed to determine the haemolysis. A clear and complete zone of haemolysis around the streak line of the *L. monocytogenes* isolate was observed ([Figure 1](#f1-bjm-44-751){ref-type="fig"}). All isolates showed positive reactions ([Table 3](#t3-bjm-44-751){ref-type="table"}). A total of 25 *L. monocytogenes* isolates were obtained. Overall, 9 samples (6.0%) from raw chicken, 8 samples (4.0%) from fish meat, and 5 samples (2.5%) from beef were found to be positive for *L. monocytogenes*. Among various milk and milk products samples, 1 sample from curd and 2 samples from raw milk were found to be positive for *L. monocytogenes*. However, none of the samples found positive from cheese for the presence of *L. monocytogenes*. Further, the presence of a haemolytic factor in all isolates including reference strain was also confirmed by using a PCR assay ([Table 2](#t2-bjm-44-751){ref-type="table"}) producing 234 bp products after amplification of *hly*A gene ([Figure 2](#f2-bjm-44-751){ref-type="fig"}).

To know the effect of pathogenic *L. monocytogenes* isolates on continuous cell lines, the cytotoxicity assay was performed on vero cell lines. The microtitre plates were examined for morphological changes in cell lines. After incubation with CFCS from *L. monocytogenes,* the results were examined at 1 min, 10 min, 30 min, and 60 min. At 10 min, vero cells started to change morphologically and changes were clearer with the 50 μL of CFCS ([Figure 3C and 3D](#f3-bjm-44-751){ref-type="fig"}). The significant changes in vero cells were observed at 30 min with both 30 μL and 50 μL of volume. The vero cells changed from spindle (characteristic of normal vero cells) to round and shrivelled cells ([Figure 3E and 3F](#f3-bjm-44-751){ref-type="fig"}), and changes continued with further incubation ([Figure 3G and 3H](#f3-bjm-44-751){ref-type="fig"}). All twenty five isolates and the reference strain of *L. monocytogenes* identified by cultural and PCR methods were found to be positive in vero cell cytotoxicity assay, except two strains from fish meat source (FLM 44 and FLM 147) ([Tables 2](#t2-bjm-44-751){ref-type="table"} and [3](#t3-bjm-44-751){ref-type="table"}).

Discussion
==========

Various meat and milk products are frequently consumed in all over the world, including India, and they can act as transmission vehicles for *L. monocytogenes*. Several reports revealed *L. monocytogenes* contamination in beef ([@b8-bjm-44-751]; [@b34-bjm-44-751]), chicken ([@b15-bjm-44-751]; [@b6-bjm-44-751]; [@b25-bjm-44-751]; [@b29-bjm-44-751]), fish ([@b14-bjm-44-751]; [@b20-bjm-44-751]), milk and milk products ([@b7-bjm-44-751]; [@b19-bjm-44-751]; [@b35-bjm-44-751]; [@b32-bjm-44-751]) in the present investigation. Among all the samples from all sources, the higher incidence of *L. monocytogenes* was noticed with meat samples. In developing countries like India, the possible reason behind this may be the use of chopping boards, mincing machines, cleaning clothes and carcasses, which are frequently used in butcheries and kept for an indefinite period of time. Moreover, methods of sterilization or disinfection with low efficacy are adopted to keep these equipment and utensils sanitized ([@b27-bjm-44-751]). Our investigation provided an important insight about the *L. monocytogenes* contamination in various meat, milk and milk products in Bareilly, India, and other states where consumers are regularly supplied with contaminated food. It was observed that there is a need to implement HACCP in the unorganised sector, as it accounts for a large amount of food produced and processed in India.

The positive CAMP and haemolysis assay and the presence of *hly*A gene by PCR in all isolates suggest that these virulent strains may have the potential to invade host cells and cause listeriosis ([@b31-bjm-44-751]). Due to no confirmation of the pathogenic nature of the *L. monocytogenes* isolates*,* the vero cell cytotoxicity assay was performed. According to assay results, all twenty five *L. monocytogenes* isolates, including the reference strain, showed pathogenic effect on vero cell lines, except two strains from fish meat (FLM 44 and FLM 147), that showed weak haemolytic pattern. These two fish meat isolates were also confirmed by PCR for the exact presence of a haemolytic factor, and they were positive for the presence of LLO. However, these two strains exhibited no cytotoxicity in vero cell assay. *L. monocytogenes* is a stronger producer of haemolysin and pathogenic for humans and mice. It has also been described that the ability of *L. monocytogenes* to produce haemolysin is strongly correlated with its virulence. However, some strains produce weak haemolysis reactions, that can appear to be negative during culture base biochemical assay ([@b12-bjm-44-751]). Thus, through the phenotypic interpretation, it is difficult to determine haemolysis of *L. monocytogenes* strains ([@b37-bjm-44-751]). In our knowledge, there are very few literatures available on cytotoxic effect of *L. monocytogenes* on vero cells, especially from food sources ([@b12-bjm-44-751]). The vero cell cytotoxicity assay described in this work could be suggested as an alternative or adjunct assay for haemolytic *L. monocytogenes* strains identification. The test is easy to perform, and a positive reaction can occur within 10 min of addition of undiluted bacterial culture filtrates. However, weak haemolytic strains are matter for further investigation.
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###### 

Samples collected in this work.

  Source                   No. of samples   Locations                                                              Time of collection (month/year)
  ------------------------ ---------------- ---------------------------------------------------------------------- ---------------------------------
  Milk and milk products                                                                                           
  \(i\) Raw milk           50               Local dairy farm Partapur Bareilly India                               Dec 2006
  \(ii\) Cheese            20               Prince sweets &confectionary Partapur Bareilly India                   Dec 2006
  \(iii\) Curd             20               Prince sweets &confectionary Partapur Bareilly India                   Dec 2006
  Raw Meat                                                                                                         
  \(i\) Raw chicken        50               Hanif chicken shop Peer Bahora Bareilly India                          Dec 2006
  \(ii\) Beef              20               Sameer meat shop Peer Bahora Bareilly India                            Dec 2006
  \(iii\) Fish meat        50               Open air fish stall Peer Bahora Bareilly                               Dec 2006
  Milk and milk products                                                                                           
  \(i\) Raw milk           50               Krishna milk bar D.D.Puram Bareilly India                              May 2007
  \(ii\) Cheese            20               Krishna milk bar D.D.Puram Bareilly India                              May 2007
  \(iii\) Curd             20               Krishna milk bar D.D.Puram Bareilly India                              May 2007
  Raw Meat                                                                                                         
  \(i\) Raw chicken        50               Chicken shop Badi Bihar market Bareilly India.                         May 2007
  \(ii\) Beef              30               Meat shop Badi Bihar Bareilly India                                    May 2007
  \(iii\) Fish meat        50               Open air fish stall Badi Bihar Bareilly India                          May 2007
  Milk and milk products                                                                                           
  \(i\) Raw milk           50               Indian Veterinary Research Institute (IVRI) Izatnagar Bareilly India   Oct 2007
  \(ii\) Cheese            10               Kamal dairy & confectionary Rajender nagar Bareilly India              Oct 2007
  \(iii\) Curd             10               Kamal dairy &confectionary Rajender nagar Bareilly India               Oct 2007
  Raw Meat                                                                                                         
  \(i\) Raw chicken        50               Rehmania meat shop Dela Peer Bareilly India                            Oct 2007
  \(ii\) Fish meat         100              Open air fish stall Dela Peer Bareilly India                           Oct 2007
  Total                    650                                                                                     

###### 

Detection of *L. monocytogenes* isolates by cultural, PCR and Vero cytotoxic assay.

  Isolate No.   Source             Haemolysis on blood agar   Haemolysin (*hly*A) gene PCR assay   Vero cytotoxicity
  ------------- ------------------ -------------------------- ------------------------------------ -------------------
  CULM-19       Curd               \+                         \+                                   \+
  MLM-31        Raw milk           \+                         \+                                   \+
  MLM-47        Raw milk           \+                         \+                                   \+
  BLM-3         Beef               \+                         \+                                   \+
  BLM-17        Beef               \+                         \+                                   \+
  BLM-20        Beef               \+                         \+                                   \+
  BLM-32        Beef               \+                         \+                                   \+
  BLM-35        Beef               \+                         \+                                   \+
  FLM- 13       Fish meat          \+                         \+                                   \+
  FLM- 21       Fish meat          \+                         \+                                   \+
  FLM- 44       Fish meat          \+^a^                      \+                                   −
  FLM- 45       Fish meat          \+                         \+                                   \+
  FLM- 73       Fish meat          \+                         \+                                   \+
  FLM-147       Fish meat          \+^a^                      \+                                   −
  FLM-148       Fish meat          \+                         \+                                   \+
  FLM-173       Fish meat          \+                         \+                                   \+
  CLM- 2        Raw chicken        \+                         \+                                   \+
  CLM- 5        Raw chicken        \+                         \+                                   \+
  CLM- 6        Raw chicken        \+                         \+                                   \+
  CLM- 19       Raw chicken        \+                         \+                                   \+
  CLM- 24       Raw chicken        \+                         \+                                   \+
  CLM- 43       Raw chicken        \+                         \+                                   \+
  CLM-111       Raw chicken        \+                         \+                                   \+
  CLM-116       Raw chicken        \+                         \+                                   \+
  CLM-129       Raw chicken        \+                         \+                                   \+
  MTCC-657      Reference strain   \+                         \+                                   \+

+: weak haemolysis.

###### 

Number of various food samples found positive for *L. monocytogenes* by cultural and PCR method.

  Type of samples   No. of samples   No. of positive samples by cultural method   No. of positive samples by PCR
  ----------------- ---------------- -------------------------------------------- --------------------------------
  Cheese            50               00                                           00
  Curd              50               01                                           01
  Raw milk          150              02                                           02
  Beef              50               05                                           05
  Fish meat         200              08                                           08
  Raw chicken       150              09                                           09
  Total             650              25                                           25
